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Abstract 
BSR disease attack oil palm in Malaysia caused by Ganoderma boninense which resulted in the destruction of basal tissues of the 
plant. The study was aimed to detect healthy and an infected tree by using electrical resistance (ER). LandMapperERM-2 was 
used to detect the diseases by collecting ER data at eight positions surrounding the trunk at three different levels of height for 
each tree. Tree that has been infected gives low ER readings between 0Ω to 24.9Ω while for the healthy tree have 25Ω to 150Ω. 
Hence, ER approach can be utilized in detecting unhealthy oil palm tree. 
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1. Introduction 
Basal Stem Rot (BSR) disease is one of the diseases that attack oil palm in South East Asia especially Malaysia 
and Indonesia. It is caused by the wood-rotting fungus Ganoderma boninense which reduces the oil palm yield in 
most production areas in Malaysia. Turner (1981) listed 15 species of Ganoderma from all over the world and 7 
from it were from peninsular Malaysia. Khairudin (1990) and Ho and Nawawi (1985) said that the most dangerous 
Ganoderma in peninsular Malaysia is Ganoderma boninense.  
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This disease will ultimately result in the destruction of the basal tissues of the plant (Meor et al., 2009). 
Ganoderma boninense can be differentiated from other polypores because it has a double walled basidiospore. This 
fatal disease can lead to losses as much as 80% to the affected plants to die, and losses of 25 % to 45 % yield in the 
fresh fruit bunch (Idris et al., 2006). Ganoderma produces enzyme that damages the infected xylem, thus causing 
serious problem in the distribution of water and nutrients to the top part of the palm (Idris et al., 2006). Lack of water 
also will lead to the production of male flower where no fruits will be produced.  
BSR usually could be detected when it is at the critical stage where some of the symptoms are wilting of the 
leaves, production of fruiting bodies, holes on the trunk and even falling tree. This will effect in losses to the 
plantation. Researchers have developed techniques in detecting the disease at an early stage. Those techniques were 
Ganoderma Selective Medium (GSM) (Ariffin et al., 1993), polymerase chain reaction-DNA (PCR-DNA) technique 
(Idris et al., 2003), enzyme-linked immunosorbent assay-polyclonal antibody (ELISA-PAb) (Idris and Rafidah, 
2008), GanoSken Tomography (Idris et al., 2010), Mid-infrared spectroscopy (Shohreh et al., 2014) and Field 
Spectroscopy (Izzuddin et al., 2013). Early detection of the disease is important as it had been reported earlier that 
the plants with less than 20 % infection can still be saved if properly treated (Meor et al., 2009). 
Electrical Resistance (ER) has been used in detecting plant vigor by using differential electrical resistance 
(Paysen, 1992). Shigometer and Resistograph are two devices that being used in diagnosing defects in wood by 
measuring ER (Shigo, 1974; Paysen, 1992; Moore, 1999).  
 
Nomenclature 
BSR Basal Stem Rot  
ER Electrical Resistant 
2. Methodology 
Land Mapper ERM-2 (Fig. 1) was used in this study to collect electrical resistance (ER) data. Four-electrode 
probes were arranged based on Werner array principle (Fig. 2). Six trees at the age of 25 years old were selected in 
the oil palm plantation in Kluang Johor, Malaysia. The existing number on the tree label has been adopted as a 
reference of the sampling in this study. At each palm, three different heights were identified at 0 cm (just above the 
root base), 60 cm and 120 cm. On each height, the circumference of the trunk was then divided into eight points 
with equal interval. A 4 cm nail was then tightly force at each point to allow clipping of ER probe. Besides that the 
symptom of the disease such as the existence of holes in the trunk and production of fruiting bodies at the base of 
the trunk also were recorded. 
 
 
 
Fig. 1. Land mapper ERM-2. 
 
 
Fig. 2. Wenner array principle.
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3. Results and discussion 
In this study, the presence of fruiting bodies on the trunk was only seen at 0 cm (table 1). Mazlilham et al. (2008) 
said that this disease normally attacks lower than 1 meter of the trunk. This disease can be identified based on 
fruiting bodies, holes inside the trunk and wilting of the leaves which usually can be seen when it is at the critical 
stage (Idris and Ariffin, 2004). 
At all trees except numbers 694 and 92, fruiting bodies were found at 0 cm. The tree that has fruiting bodies 
indicated the palm tree has been infected by Ganoderma Boninenses (Idris and Ariffin, 2004). Positions that have 
fruiting bodies (infected position) give readings between 0Ω to 24Ω while healthy position gives ER readings 
between more than 25Ω. ER data for infected tree were lower than healthy tree. Shigo (1974) and William (1999) 
said when wood decays, cations will increase and resistance will decrease. There are more free ions in the decayed 
wood than in non-decayed wood, thus causing a drop in ER readings (Moore, 1999). 
In this study, ER reading lower than 24Ω indicated the tree has been infected by the disease. For tree 92 at 0 cm, 
position 1, 2 and 6 has an ER reading of 21.49Ω, 21.89Ω and 20.15Ω. This might due to woods inside the trunk has 
been infected by the disease at an early stage, although no symptom such as fruiting bodies and skirting of the leaves 
was found. Ariffin et al. (1996) stated that 5% to 16% of healthy looking oil palm was actually being infected by the 
diseases, although the symptoms of the disease were not found. 
At tree 24, it has fruiting bodies at position 1 and 4 but gives reading higher than 24Ω. This palm tree has 
symptoms of fruiting bodies at the base of trunk and ‘skirting’ of the frond leaves. It shows that, position 1 and 4 
was in the early stages of BSR infectious obtain from point 2 and 3.  
 
 Table 1. Electrical resistance data for 8 positions at 0 cm. 
Tree 
number 
Position surrounding trunk 
Fruiting bodies 
at a point 
1 2 3 4 5 6 7 8 
694 70.23 85.34 63.79 62.17 96.19 74.90 92.69 75.61 No 
679 17.45 67.36 30.79 53.45 18.91 15.19 49.82 48.26 point 1,5,6 
681 79.81 52.05 24.12 32.51 14.55 17.86 92.08 76.04 point 3,5,6 
92 21.49 21.89 32.75 40.73 62.22 20.15 27.37 48.90 No 
42 30.94 29.76 29.22 30.98 10.13 10.81 7.39 21.27 point 5,6,7,8 
24 34.12 17.94 18.75 36.98 31.40 40.78 31.74 61.12 point 1,2,3,4 
 
Table 2. Electrical resistance data for 8 positions at 60 cm. 
Tree 
number 
Position surrounding trunk 
1 2 3 4 5 6 7 8 
694 93.96 101.00 77.81 122.10 110.80 88.67 115.70 101.80 
679 50.00 41.70 52.37 52.46 44.84 45.82 64.34 42.11 
681 62.21 89.36 71.00 98.30 55.67 84.00 51.02 61.46 
92 62.40 63.65 90.24 52.43 122.00 43.39 78.38 69.70 
42 51.32 30.08 66.58 56.66 41.05 64.07 30.78 65.34 
24 37.96 51.15 25.73 35.90 41.45 59.24 35.89 68.62 
 
At the height of 60 cm and 120 cm (Table 2 and Table 3), overall the ER values were more than 25Ω. It indicates 
that at 60 cm and 120 cm, area in the trunk was not infected by the diseases. However, at tree 24, position 3 gives 
lowest ER values both at 60 cm and 120 cm although there were no fruiting bodies seen at both heights. There were 
presence of fruiting bodies being  identified at 0 cm. It can be conclude that at this positions from 0 cm to 120 cm, 
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wood inside the trunk has been infected by BSR disease and it gives low ER reading. In Fig. 3, there were drops of 
50% ER reading between position 2 and 3 at 120 cm. Moore (1999) stated that a drop of 50%  ER reading between 
healthy and infected indicates decayed wood.  
 
 
Fig. 3.  Graph ER values of Tree 24 vs. Position. 
Table 3. Electrical resistance data for 8 positions at 120 cm. 
Tree 
number 
Position surrounding trunk 
1 2 3 4 5 6 7 8 
694 115.50 136.40 80.32 127.80 139.30 78.70 146.50 93.35 
679 46.45 49.13 27.17 57.91 47.51 52.54 58.10 47.99 
681 46.61 152.70 65.61 114.90 76.50 75.25 54.79 105.20 
92 60.64 72.51 74.74 41.72 115.00 72.31 54.11 97.16 
42 51.31 45.62 55.52 66.08 49.41 63.99 40.24 56.46 
24 34.17 63.17 11.98 83.76 58.27 61.33 25.92 120.10 
 
Table 4 summarizes the descriptive statistics of average electrical resistance data between healthy and infected tree 
at 0 cm. Healthy tree have higher mean than infected plants (with fruiting bodies). Infected tree give ER readings at 
7.39 Ω to 24.12 Ω while healthy tree gives ER readings between at 27.37 Ω to 96.19 Ω. 
 
Table 4. Descriptive statistics of average ER for healthy and infected oil palm tree. 
  Minimum Maximum Mean Std. Deviation 
infected 7.39 24.12 16.20 4.83 
healthy 27.37 96.19 53.70 21.67 
4. Conclusions 
     In normal practice, detecting infected tree is based on the tree condition such as presence of fruting bodies and 
fronds. While in this study, detecting infected tree is based on ER reading and the symptom of the diseases at the 
tree . Low ER reading were obtain from the tree that has been infected by BSR disease. This was proven especially 
when tested ER probe to the point that has fruiting bodies and it gives low ER reading. This study has found that 
generally position that has fruiting bodies gives low ER readings less than 25 Ω while for the healthy position ER 
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readings gives between 25 Ω to 150 Ω. Position that has fruiting bodies indicated the oil palm tree has been infected 
by the BSR disease. Overall, BSR diseases at oil palm tree can be identified by ER reading at the height of 0 cm. 
Hence, ER approach can be utilized in detecting unhealthy oil palm tree. 
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